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Abstract: We consider a simple model consisting of particles with four bonding sites 
("patches"), two of type A and two of type B, on the square lattice, and investigate its 
global phase behavior by simulations and theory. We set the interaction between B 
patches to zero and calculate the phase diagram as the ratio between the AB and the AA 
interactions, epsilon(AB)*, varies. In line with previous work, on three-dimensional off-
lattice models, we show that the liquid-vapor phase diagram exhibits a re-entrant or 
"pinched" shape for the same range of epsilon(AB)*, suggesting that the ratio of the 
energy scales - and the corresponding empty fluid regime - is independent of the 
dimensionality of the system and of the lattice structure. In addition, the model exhibits 
an order-disorder transition that is ferromagnetic in the re-entrant regime. The use of 
low-dimensional lattice models allows the simulation of sufficiently large systems to 
establish the nature of the liquid-vapor critical points and to describe the structure of the 
liquid phase in the empty fluid regime, where the size of the "voids" increases as the 
temperature decreases. We have found that the liquid-vapor critical point is in the 2D 
Ising universality class, with a scaling region that decreases rapidly as the temperature 
decreases. The results of simulations and theoretical analysis suggest that the line of 
order-disorder transitions intersects the condensation line at a multi-critical point at zero 
temperature and density, for patchy particle models with a re-entrant, empty fluid, 
regime. (C) 2011 American Institute of Physics. [doi: 10.1063/1.3657406] 
Document Type: Article 
Language: English 
Author Keywords: Condensation; Critical Points; Crystal Structure; Ferromagnetic 
Materials; Ising Model; Order-Disorder Transformations; Phase Diagrams; 
Thermodynamics 
KeyWords Plus: Directional Attractive Forces; Molecular-Size Distribution; Critical-
Point; Ising-Model; Fluids; Systems; University; Coexistence; Polymers; Lattice  
Reprint Address: Almarza, NG (reprint author), CSIC, Inst Quim Fis Rocasolano, 
Serrano 119, E-28006 Madrid, Spain. 
Addresses:  
1. CSIC, Inst Quim Fis Rocasolano, E-28006 Madrid, Spain  
2. Univ Lisbon, Ctr Fis Teor & Computac, P-1649003 Lisbon, Portugal  
3. Inst Super Engn Lisboa, P-1950062 Lisbon, Portugal  
4. Univ Lisbon, Fac Ciencias, Dept Fis, P-1749016 Lisbon, Portugal 
E-mail Address: noe@iqfr.csic.es 
Publisher: Amer Inst Physics 
Address Publisher: Circulation & Fulfillment Div, 2 Huntington Quadrangle, STE 1 N 
O 1, Melville, NY 11747-4501 USA 
IDS Number: 844FO 
ISSN: 0021-9606 
 
